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[57] ABSTRACT 

A nxethod for synchronizing scanning speed and data trans- 
mission speed of a scanner to eLiminate a traditional memory 
buffer is disclosed. The scanner is connected to a host 
computer and conp-ises a charge coupled device (CCD) for 
convening a line image reflected from a document to be 
scanned into an array of analog signals. The CCD comprises 
an analog memory array for storing the analog signals. The 
method comprises the following steps of: 

a) outputting an analog signal from the analog memory 
array; 

b) converting the analog signal to a digital signal and 
transmitting the digital signal to the host computer; 

c) waiting until the host cono4)utcr acknowledges receiv- 
ing of the digital signal; and 

d) rq)cating steps a) to c) until all the analog signals 
stored in the analog memory array are processed and 
transmitted to die host computer. 

5 Claims, 3 Drawing Sheets 
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METHOD FOR SYNCHRONIZING 
SCANNING SPEED AND DATA 
TRANSMISSION SPEED OF A SCANNER 

BACKGROUND OF THE INVENTION 

1. field of the Invention 

This invention relates to a scanner, and more particularly, 
to a method for synchronizing scanning speed and data 
transniissioD speed of a scanner. 

2. Dcscripticn of the Prior Art 

Iniage scanners such as flat bed scanners or sheetfed 
scanners are commonly used in ofiSce environment for 
scanning documents into con^uters. Tlie image presented 
on a document is scanned into a scanner line by line and then 
transmitted to a host computer connected to the scanner. The 
average data transmission rate of a scanner is dq>endent on 
the scanning speed of the scanner and the transmission speed 
between the scanner and the host computer. Since the 
scanning speed of a scanner is usually faster than the 
transmission speed, a memory buffer is used in traditional 
scanners for matching the difference between these two 
speeds. FIGS. 1 to 3 will illustrate the details about a 
traditional scanner. 

FIG. 1 shows a function block diagram of a traditional flat 
bed or sheetfed scanner 10. The scanner 10 comprises a 
charge coupled device (CCD) 12 for converting a line image 
reflected from a document to be scaoned into an array of 
analog signals, an amplifier 11 for anqilifying each analog 
signal, an aoalog-to-digital (A/D) converter 14 for convert- 
ing the analog signals generated by the CCD 12 Into digital 
signals, a sanqpling circuit 13 for generating a reference 
voltage Vrb for the A/D converter 14, a periodic tinung 
generator 16 for generating timing signals to control the 
CCD 12, a memory buffer 18 for storing the digital signals 
generated by the A/D converter 14, a motor controller 20 for 
coatroUing a step motor 22 for moving the CCD 12 to scan 
the document in a flat bed scanner or for moving the 
document in a sheetfed scanner, an interface circuit 24 for 
transmitting the digital signals stored in the memory buffer 
18 to a host computer 26, and a control unit 28 for control- 
ling operations of the scanner 10. 

Please refer to FIG, Z FIG. 2 is a circuit diagram of the 
CCD 12 shown in FIG. 1. The CCD 12 con^rises an optic 
sensor array 32 for convening a line image reflected from a 
document to be scanned into an array of analog signals, and 
an analog memory array 34 which Is a shift register for 
storing the array <^ analog signals, two anq^Iiflers 36 before 
and after a sample-and-hold (S/H) circuit 38. 

FIG. 3 is a timing diagram of the CCD 12 which shows 
how the CCD 12 is controlled by the timing signals TG. 
CLKl, CLK2 and RS generated by the periodic timing 
generator 16 shown in FIG. 1. The TG signals 40 arc used 
to store the analog signals generated by the optic sensor 
array 32 into the analog memory array 34 at the end of each 
la-cdctcrmincd exposure period Te. The CLKl and CLK2 
signals are used to shift the analog memory anay 34 one 
analog signal per cyde. And the RS signals are used to clear 
the elections kept in the S/H circuit 38 for next analog signal 
shifting. The CLKI and CLK2 signals are continually fed 
into the analog memory array 34 until all the analog signals 
stored in it are shifted out. 

FIGS. 1 to 3 show that within each step of the step motcr 
22, one line of the document is scanned by the CCD 12 and 
the image data generated by the A/D converter 14 are stored 
in the memory buffer 18, TTie control unit 28 will then 



2 

transmit the image data to the host con^niter 26 through the 
interface circuit 24. The average data transmission rate of 
the scanner 10 is dependent on the scanning speed of the 
scanner 10 and the transmission speed between the scanner 

5 10 and the host computer 26. The memory buffer 18 is used 
for matching the difference between these two speeds. If the 
transmission speed is higher than the scanning speed, the 
scanner 10 can run in full speed until a document is 
completely scanned. But in most cases, the transmission 

10 speed is slower than the scanning speed and image data 
which can not be transmitted in time are accumulated in the 
memory buffer 18. 

The memory buffer 18 allows the CCD 12 of the scanner 
10 keeping on scanning before it is fully filled* Inaeasing 

15 the memory buffer 18 will allow the CCD 12 scanning 
longer but will also make the system become more complex 
and expensive. But in general the size of die memory buffer 
18 is irrelevant to the average transmission rate of the 
scanner 10 because it is restricted by the slower transmission 

20 speed t}etween the scanner 10 and the host coii^>uter 26, 

SUMMARY OF THE INVENTION 

It is therefore the goal of the present InventioD. by 
overcoming the limits of the prior art, to devise a new 
method for solving the speed mismatch problem without 
using the memory buffer mentioned above. 

Briefly, in a preferred embodiment, the present invention 
includes a method for adjusting scanning speed of a scanner 

3Q whidi is connected to a host computer, the scanner com- 
prising a charge coupled device (CCD) fear converting a line 
image reflected from a document to be scanned into an array 
of analog signals. The CCD oonoprises an analog memory 
array for storing the analog signals. The method comprises 

35 the following steps of: 

a) outputting an analog signal from the analog memory 
array; 

b) converting the analog signal to a digital signal and 
transmitting the digital signal to the host computer; 

^ c) waiting until the host computer acknowledges receiv- 
ing of the digital signal; and 

d) rqpeating steps a) to c) until all the analog signals 
stcored in die analog menK>ry array are processed and 
transmitted to Oie host computer. 

*^ The CCD further con^rises an optic sensor array for con- 
verting the line image into the array of analog signals within 
a predetermined exposure period. And the scanner further 
comprises a timo* for recording the exposure time of the 
optic sensor array. The method further comprises the fol- 

^ lowing steps of: 

e) comparing the exposure time recorded in the timer with 
the predetermined exposure period; 

f) waiting until die exposure time of the opdc sensor array 
33 is equal to the predetermined exposure period if the 

compared exposure time is less than the predetermined 
exposure period; 

g) resetting both the optic sensor array and the timer and 
waiting until the exposure time of the c^tic sense? array 

go is equal to the predetermined exposure period if the 
compared exposure time is larger than the pred^er- 
mined exposure period; and 

h) staring tfic array of analog signals generated by the 
optic sensor array into the analog memory array for 

63 next data transmission and then resetting the timer 
when the exposure time of ffie optic sensor array is 
equal to the predetermined exposure period. 
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It is an advantage of the prescDl invention that the speed 66 if the compared exposure time is less than the 

mismatch problem is solved by synchronizing the output predetermined exposure period Tc; go to step 67 if the 

speed of the analog signals stored in the analog memory compare d exposure time t is larger than the predeter- 

array of the CCD and the data transmission speed b^ecn mined exposure period Te; 

the scanner and the host coiiq)uter. Since each analog signal 5 step 67 wait until the exposure time t of the optic sensor 

is converted into a digital signal and transmitted to the host array 32 is equal to the predetermined exposure penod 

computer one by one and the analog memory array is used Te; go to step 69; 

as the main storage for keeping all the analog signals stq) 68 reset the optic sensor array 32 by stonng the array 

generated by the optic sensor anay of the CCD, the memory of analog signals generated by the optic sensor array 32 

buflfcr installed in tradiUonal scanners can thus be elimi- lo into the analog memory array 34. reset the tuner 56 

jj^^^ (t=0). and wait until the exposure tmic t of the optic 

These and other objects and the advantages of the present scdsot anay 32 is equal to the predetermined exposure 

invention will no doubt become obvious to those of ordinary penod Te; 

skill in the ait after having read the foUowing detailed step 69 store the array of analog signals generated by the 

description of the preferred embodiment which is iUustrated 15 optic sensor array 32 into the analog memory array 34 

in the various figures and drawings. for next data transmission and reset the timer 56; 

step 70 have the stq> motor 35 move foi^ward one step, 

BRIEF DESCRIFnON OF THE DRAWINGS ocess 60 the array of analog signals stored in the 
FIG. 1 shows a function block diagram of a traditional flat analog memwy array 34 are transmitted to the host com- 
bed or sheetfed scanner. puter 26 one by one in a hand-shaking manner until all the 
„^ ^. .... r^i_ /^^T^ 1. • jTir- 1 analog signals arc transmitted.And then the adaptive control 
HG. 2 IS a circuit diagram of the CCD shown in FIG. 1. ^^^^^ ^^^^ ^^^g 

nG. 3 is a timing diagram of the CCD shown m FIG. 2. g^^jj^^ generated by the optic sensor array 32 to decide 

FIG. 4 is a function block diagram of a scanner according whether these new analog signals should be abandoned or 

to the present invention. 25 not This is because the voltage values of the analog signals 

FIG. 5 shows a data transmission and generation process generated by the optic sensor array 32 arc dependent on the 

according to the present inventioa. length of the exposure time of the optic sensor array 32. In 

order to make sure that accurate measurement can be made. 

DFTAE^ DESCRIPnON OF THE ^.^^ generated by the optic sensor array 32 

PREFERRED EMBODIMENT 3^ ^^^^ ^e stored into the analog memory array 34 when the 

Please refer to FIG. 4. FIG. 4 is a function block diagram exposure time of the optic sensor array 32 is equal to a 
of a scanner 50 according to the present invention. The predetermined exposure period lb. After storing the analog 
scanner 50 con^»ises a CCD 12 for converting a line image signals into the analog memory array 34. the optic sensor 
reflected from a document to be scanned into an array of anay 32 is automatically reset for next exposure, 
analog signals, an amplifier U for amplifying each analog 33 In process 60. after all the analog signals stored in the 
signal. anA/D converter 14 for converting the analog signals analog memory array 34 are transmitted to the host corn- 
generated by the CCD 12 Into digital signals, a san^jling puter 26, if the exposure time t of the new analog signals 
drcuil 13 for generating a reference voltage Vrb for the A/D generated by the optic senses array 32 is less than the 
converter 14. an adaptive timing generator 52 for generating predctcnnincd exposure period Te, the adaptive control unit 
timing signals to control the CCD 12, a motor controUer 20 40 54 will wait until the exposure time t is equal to the 
for controlling a step motor 22 fw moving the CCD 12 to predetermined exposure period Te and then staed the new 
scan the document in a fiat bed scanner or for moving the analog signals into the analog memory array 34. If the 
document in a sheetfed scanner, a timer 56 for recording the exposure time t of the new analog signals is larger than the 
exposure time of the optic sensor anay 32, and an adaptive prodetcrmined exposure period Te, it means that the new 
control unit 54 for controlling opcratioos of the scanner 50 45 analog signals generated by the optic sensor array 32 are 
and transmitting the digital signals generated by the A/D over exposed and thus should be abandoned. In this case the 
converter 14 to the host computer 26. adaptive control unit 54 will have the ad^ve timing 

HG. 5 shows a data transmission and gcneraUon process generator 52 to issue a TG signal to store the new analog 
60 according to the present invention. It shows how the signals into the analog memory array 34 which wiU auto- 
analog signals stored in the analog memory array 34 are 50 maticaUy reset the optic sensw array 32, and the adaptive 
transmitted to the host computer 26, and how to generate a timing generator 52 will also issue a senes of CLK1/CXK2 
new array of analog signals after aU the analog signals stored signals to shift the newly stored analog signals out of the 
in the analog memory array 34 are transmitted. The process analog memory array 34. After the new eTqwsure period 
60 comprises the following steps: expires, the newly generated analog signals will be stored 

step 61 output an analog signal from the analog memory » into the analog mem<^ array 34 and transmiti^ 

aicp « ± au « 6 & J computer 26. After the new analog signals are stored mto the 

' ^ . . , J. 1 . 1 u analog memory array 34. the adaptive control unit 54 will 

step 62 convert the analog signal to a digital signal by ^^^^ ^ ^ ^^^^ ^^^^^ 

using the AAD convotcr 14; ^^^^ 

step 63 transmit the digital signal to the host con^wter 26; ^ gy transmitting the analog signals stored in the analog 

step 64 wait until the host conc^ter 26 acknowledges memory array 34 one by one in a hand-shaking manner to 

receiving of the digital signal; the host computer 26 and also tracing the exposure time of 

step 65 repeat steps 61 to 64 until all the analog signals the optic sensor array 32. the scanning speed of the scanner 

stored in the analog memory array 34 are processed and 50 is synchronized with the data transmission speed (between 

transmitted to the host con^uter 26; 65 the scanner 50 and the host con^uter 26 by using the process 

step 66 con^)are the exposure time t recorded in the timer 60. The memory buffer 18 shown in FIG. 1 and its related 

56 with a predetermined exposure period Te; go to step memory controller can dius be eliminated. 
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Those skilled in the art will readily observe that numerous (2) an analog-to-digital (A/D) converter for converting the 

modifications and alterations of the device may be made analog signals into digital signals; 

while retaLtdng the teachings of the invention. Accordingly. (3) an adaptive timing generator for generating timing 

the above disclosure should be construed as limited only by signals to control the CCD' and 

the metes and bounds of the appended claims. 5 . ^ . . 

What is claimed is* adapuve control umt for controUing the adaptive 

1. A method for adjusting scanning speed of a seamier timing generator and transmitting the digital signals 
which is comiected to a host computer, fte scanner com- . ^f"''? *^ ^ 

prising a charge coupled device (CCD) for converting a line therein a iirst analog signal stored in the analog memcMy 

image reflected from a document to be scanned into an array lO ouqputtcd to the A/D converter by using the adapUve 

of analog signals, the CCD comprising an analog memory ^ggeneraior. converted into a first digital signal by using 

array for storing the analog signals, the method conmrising ^ ^ ^ converter, and transmitted to the host computer by 

the following steps of: ^ ^ the adaptive control unit, and a second analog signal stored 

,\ . 1 . ^ ^ . ^^^^ analog memory array is outputted to the A/D converter 

a) o^uttmg an analog signal from Uie analog mcmoo' ^^^^ ^^p^.^^ 

control unit receives an acknowledgement from the host 

b) converting the analog signal to a digital signal and computer about receiving of the first digital signal, 
transmitting the digital signal to the host computer; 4. jhe optic scanner of claim 3 wherein the CCD further 

c) waiting until the host computer acknowledges receiv- comprises an opUc sensor array for converting the line 
ing of the digital signal; and image into the array of analog signals within a predctcr- 

d) repeating steps a) to c) until all the analog signals mined exposure period and the scanner further comprises a 
stcced in the analog mcraofy array are processed and ^i*!^ for recording the exposure time of the optic sensor 
transmitted to the host computer. array wherein the ad^tive control unit compares the cxpo- 

2. The method of claim 1 wherein the CCD further sure time recorded in the timer with the predetermined 
con^nises an optic sensor array for conveiting the line 25 ^^P^^^c period after the analog signals stored in the analog 
image into the array of analog signals within a predeter- memory array are transmitted and waits until the exposure 
mined exposure period and the scanner further coII^]rises a of optic sensor array is equal to the predetermined 
timer for recording the exposure time of the optic sensor exposure period if the compared exposure time is less than 
array, the method further comprising the following steps of: predetermined exposure period, and stores tfie array of 

e) comparing the exposure time recorded in the timer with 30 signals generated by the optic sensor array into the 
the predetermined exposure period- analog memory array for next data transmission and then the 

f) waitinguntilthcexposuietimeof theopUcsensorairay J^^t" ^^J"^"^^ optic sensor array is 
is equal to the predetermined exposiie period if the ^"^^-^ "^^^ pedetenmned exposure penod. 

coitq)arcd exposure time is less than the predetermined ^' ^^''^ ^ ^ ^^'^^^^ ^« 

exposure period; 35 con^ses an optic sensor array for converting the line 

ft\ ^r^t^^^ K^fu A J .t- ^. ^ im2igc into the array of analog signals within a predeter- 

^ rSL^i H,e 'T*^ ^ '^^ «P«'"« the scanner further co^rises a 

Z Zl^^Z^r^^ "^"""'"^^^ forVccordii^ the exposure tfme of the op^nsor 

« equal .0 ine preaetcnnuiM exposure pmoa ii ttic therein the ada 3tive control unit compares the exDo- 

r^^^^^'^ZT 40 time recorded^ the timer with ^Vedetemiiied 

mmed exposure period; and exposure period after the analog signals stored in the analog 

h) stormg the array of analog signals generated by the memory array arc transmitted, resets both the opUc sensor 

opdc scnsa- array into the analog memory array for array and flic timer and waits until the exposure time of the 

next data transmission and dien resetting both the opUc optic sensor array is equal to the predetermined exposure 

sensor array and the timer when the ej^surc time of period if the compared exposure time is larger than the 

the optic scnsOT array is equal to the predetermined predetermined exposure period, and stores flic array of 

exposiB-e period. analog signals generated by the optic sensor anray into the 

3. An optic scanner for scanning a document comprising: analog memory array for next data transmission and then 
(1) a charge coupled device (CCD) for converting a line resets die timer when the exposure time of die optic sensor 

image of die document into an array of analog signals. 50 array is equal to the predetcmuned exposure period, 
the CCD further comprising an analog memory array 

for storing the array of analog signals; * * ^ ^ ^ 
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